Spinal loading during weightlifting results in a loss of stature which has been attributed to a decrease in height of the intervertebral discs -so-called 'spinal shrinkage'. Belts are often used during the lifting of heavy weights, purportedly to support, stabilize and thereby attenuate the load on the spine. The purpose of this study was Figure 1 . The stadiometer was sensitive to within 0.01 mm.
Weightlifting belts are marketed commercially with the aim of preventing back injuries while lifting heavy weights. It is thought that they do so by helping to support and stabilize the spine. They may also have an effect upon intra-abdominal pressure, the mechanism widely held responsible for reducing spinal compressive forces'. McGill et al.4 examined the effects on intraabdominal pressure of wearing abdominal belts as prescribed to industrial workers. Subjects demonstrated a significant increase in intra-abdominal pressure on wearing the belt (compared with lifting without a belt) while lifting loads of 727-90. 9 kg, both with the breath held and continuously expiring on the lifting effort. Wearing a belt did not augment the reduction in muscle activity of the erector spinae when lifting with the breath held.
Spinal loading during weightlifting is reflected in changes of stature, a phenomenon known as 'shrinkage'. The loss of height is due to extrusion of water through the disc wall when the applied compressive force exceeds the imbibition pressure of the nudeus pulposus complex and the osmotic gradient across the disc membranes5. Shrinkage is measured using a purpose-built stadiometer: the technique has been applied successfully in studies of weightifting6 7, in ergonomics8'9, and sports training (Leatt et Figure 1 . The stadiometer was sensitive to within 0.01 mm.
The angle of inclination of the stadiometer was 13°, thus eliminating in large part the muscular effort required to maintain the body in an upright position. A BBC microcomputer was interfaced with the stadiometer, providing 'on-line' data capture. To use the stadiometer the subjects were first familiarized with the apparatus. This took on average 50-60min until each subject obtained a standard deviation of less than 0.5mm in ten consecutive measurements.
For each subject to undergo a standardized weight-training protocol, the ten repetition maximum (1ORM) criterion was used12. This meant that, for each exercise, the predetermined 1ORM load was lifted ten times. Six common weight-training exercises were specifically chosen to load the spine to varying degrees. These were carried out in the form of a circuit which consisted of three sets of ten repetitions with a change of exercise after each set of ten. The order in which the exercises were performed and the mean loads lifted are shown in Table 1 .
Individual 1ORM scores were determined by direct practice of a set or sets of ten repetitions of increasing load until the precise weight was obtained. This had three major advantages: (1) it enabled an exact determination of the 1ORM; (2) it represented a commonly used number of repetitions recommended for strength improvement; and (3) it accustomed the subjects to performing an average of two to three sets of each exercise.
The subjects underwent two weight-training sessions on separate occasions, with at least 5 wide in its centre section and tapering to 51 mm at either end. The belt was worn with the thickest portion positioned over the lumbar spine. The belt was tightened fully for each individual, allowing for comfort and ease of respiratory movement.
Observation and verbal input during the circuit ensured that all lifts were performed according to standard technique. A 2-min rest was taken at the completion of the first and second set of six exercises. The mean(s.d.) duration of the total exercise period was 32.6(5.8) min (with belt) and 31.4(4.0) min (without belt).
The subjects' breathing had returned to normal within 3 min of completing the circuit. This allowed measurements to be performed after exercise on the stadiometer at that time (i.e. 3min after exercise).
In addition to measurement of stature, the absolute visual analogue scale (AVAS) was used as a measure of discomfort and pain intensity'3. The AVAS scale consisted of a 20-cm horizontal line with the headings of no discomfort-pain at either end. Each individual's subjective rating of pain/discomfort was marked off before and after completion of the circuit with no opportunity to compare values with previous estimates.
Statistical analysis Differences in shrinkage occurring while wearing a belt and between degrees of discomfort and pain were examined using t tests. Correlations between back discomfort and degree of shrinkage along with weights lifted (10RM) and degree of shrinkage were examined using the Pearson Product Moment correlation coefficient. 
